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Polvmer compositions for the production of articles of 
biodegradable plastics material and methods for their 
preparation 

The invention relates to polymer compositions useful for 
the production of articles of biodegradable plastics 
material and to methods for their preparation. 

In particular, the invention constitutes ^an improvement 
within the scope of the invention described in unpublished 
Italian Patent Application No. IT 67415-A/89 and the 
corresponding EP 90110071.9 whose contents should be 
understood as being incorporated herein by way of refer- 
ence . 

Application No. IT 67415-A/89 and the corresponding 
EP 90110071.9 which constitutes prior art only for the 
purpose of A 54(5) EPC r describe polymer compositions 
including a destructured starch and an ethylene-vinyl 
alcohol copolymer for the production of articles of 
biodegradable plastics material. These compositions may 
include . further polymeric additives such as, in particular 
polyvinyl alcohol and an ethylene-acrylic acid copolymer. 
The particular object of the invention which is the 
subject of the above mentioned applications is to provide 
compositions which can be formed into films or into 
moulded articles with improved mechanical strength. The 
biodegradability of the composition is ensured, in par- 
ticular, by the completely biodegradable starch component. 

The object of the present invention is to improve the 
biodegradability of polymer compositions of the type 
mentioned above. 

With regard to this object, the subject of the invention 
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is constituted by a composition including a destructured 
starch and a synthetic polymer selected from the group 
consisting of ethylene-vinyl alcohol, polyvinyl alcohol 
and mixtures thereof, wherein at least a portion of said 
polymers is modified by the substitution of from 0.1 to 5 
molar % of the functional alcohol groups in the polymeric 
chain- by X groups in which X is-an oxo (0=) or an alkyl 

0 

carbonyl group (-C-R) in which the alkyl group contains 
from 1 to 4 carbon atoms. 

It has been found that, when the aforesaid groups are 
substituted for the alcohol groups within the limits 
defined above, the compatibility of the polymers with the 
starch remains substantially unchanged so that, although 
the capacity to form films and the mechanical properties 
of the films and moulded articles produced from the 
compositions are substantially unchanged, the 
biodegradability upon exposure' to atmospheric agents of 
the moulded articles .-and films thus produced is improved, 
particularly as regards photodegradability . 

The amount of modified polymers within the composition may 
range from 5 to 100% wt , preferably from 10 to 50% wt 
referred to the total amount of synthetic polymer. 

The modified polymers used within the scope of the inven- 
tion can be produced by known methods from commercially 
available ethylene-vinyl alcohol polymers and polyvinyl 
alcohol polymers. 

In particular, as regards the oxo groups, the structural 
modification can be introduced by the reaction of 
previously-prepared polymers with hydrogen peroxide and 
persulphuric acid,, by the reaction of such polymers with 
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hypochlorite and acetic acid, or by other methods of 
oxidizing secondary alcohols described in the literatures. 

Modified copolymers including alkyl carbonyl groups can be 
obtained from ethylene vinyl acetate (EVA) polymer systems 
with a low ethylene content f that is, with an ethylene 
content of from 10 to 50%, preferably from 20_to_40% J ^ by 
weight, by free-radical polymerization in the presence of 

0 

monomers of the H 2 C=CH-C-R type in which R is an alkyl 
group with from 1 to 4 carbon atoms, together with 
ethylene and vinyl alcohol. 

The EVAs thus obtained are then converted into modified 
ethylene-vinyl alcohol copolymers by basic hydrolysis. 

Ethylene/vinyl alcohol copolymers usable within- the scope 
of the present invention after structural modification 
typically have an ethylene content of from 10 to 90% by 
weight, preferably, from 10 to 40% by weight, with a melt 
index of between 2 and 50, preferably between 6 and 20 
(210°C, 2.16 Kg) . 

Further preferred features for the ethylehe/vinyl alcohol 
copolymer are as follows: 

Intrinsic viscosity, [ f ] 0.50-0.90 

(in DMSO at 30*C) preferably 0.65-0.80 

Molecular weight distribution Mw/Mn 1.3-4 

(GPC in tetrahydrof urane) 



Melting point temperature 



< 180°C 

preferably 160-170°C 
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Hydrolysis degree 



*■ 90-99.9% 



* Basic hydrolysis and titration of the residual base 
with acid. ■ 



The modified polymers may further be obtained by 
ozonolysis of polyvinyl alcohol or of the above mentioned 
ethylene/vinyl alcohol copolymers. 

The methods of preparing compositions of destructured 
starch and ethylene-vinyl alcohol copolymers by extrusion 
in a heated extruder are described in the Italian Patent 
Application No.. 67413-A/89 and corresponding European 
Patent Application 90110070.1 mentioned above. The method 
of preparing the. compositions according to the invention is 
defined in claims 10-18 hereinafter. 

In particular, the modified ethylene-vinyl alcohol polymer 
can be produced beforehand by the reactions described 
above and supplied to the extruder together with the other 
components described therein, such as high-boiling 
plasticizers and destructuring agent such as an alkali 
metal or alkaline earth metal hydroxide, and perhaps 
water, or, alternatively, the structural modification of 
the copolymer may be carried out during the extrusion 
process by the addition of the aforementioned reagents 
before the stage at which the components are mixed. 

As regards the use of polyvinyl alcohol, compositions 
including starch and polyvinyl alcohol are described, for 
example, in US Patent No. 3,949,145 and the polyvinyl 
alcohol polymer modified in accordance with the invention 
can be used for the production of the films described 
therein. 
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In those compositions according to the invention which 
include starch and modified and non modified 
ethylene-vinyl alcohol copolymer. the starch and the 
copolymer are used in a weight ratio of from 1:19 to 19:1 
and preferably in a weight ratio of from 1:4 to 4:1. 

The invention further includes films, sheets, fibers and 
moulded articles made from the herein described polymer 
compositions. 



Example 

An ethylene/viny 1 alcohol copolymer, Clarene R20 (regis- 
tered trade mark), was modified by reaction with hydrogen 
peroxide and persulphuric acid to form a modified 
copolymer in which 3 molar % of the alcohol groups in the 
original, polymer were substituted by carbonyl groups. The 
method described in Example 1 of Italian Patent Applica- 
tion No. IT 67413-A/89 which is reported hereinafter, was 
repeated with the modified copolymer prepared beforehand 
being substituted for the Clarene R20 copolymer used 
therein. The mechanical strength tests to which the test 
pieces of the film thus obtained were subjected gave 
extension, yielding and breaking stress, and Young's 
modulus values substantially equal to those obtained in 
the Example 1 mentioned above. 

By virtue of the introduction of the carbonyl groups, 
however, the films thus produced had improved character- 
istics of photodegradabili ty . 

Example 1 of IT 67413-A/89 and corresponding EP 90110070.1 

An ethylene/vinyl alcohol copolymer, Clarene R20 (regis- 
tered trademark) , and 15% of glycerine by weight of the 
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copolymer were extruded at 140°C by HAAKE Reomex extruder, 
model 252, with an L/D ratio of 19, a screw diameter of 19 
mm f - and '-.a compression ratio of 1:3, and with the screw 
revolving at:40 rpm. 

50 parts of the product thus obtained were mixed with 70 
parts of GLOBE 03401 CERE STAR (registered trademark) 
starch, 50 parts- of water and 15 pars of urea, and then 
extruded by the same extruder at 12CTC. The extrusion thus 
obtained was converted into pellets. 

The pellets were supplied to the same extruder with the 
use of a film-blowing head. Rectangular test pieces for 
tensile testing according to ASTM 882 were formed from the 
films approximately 100 microns thick. 

The test pieces were conditioned at 23 ± 1 W C and 55 ± 5% 
relative humidity for 24 hours. 

The mechanical strength tests gave the following results 
expressed as- average values: 

Young's modulus 
yielding strain 
yielding stress 
breaking strain 
breaking stress 



5285 kg/cm' 

17% 
186 kg/cm' 

52.8% 
178 kg/cm 
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CLAIMS 

1. A polymer composition useful for the production of 
articles of biodegradable plastics material, including a 
destructured starch and a synthetic polymer selected from 
the group consisting of ethylene-vinyl alcohol and 
polyvinyl alcohol or mixtures thereof, wherein at least a 
portion of said polymers is modified by the substitution 
of from 0.1 to 5 molar % of the functional alcohol groups 
in the polymer chain by X groups in which X is an oxo 
group or an alkyl carbonyl group in which the alkyl group 
contains from 1 to 4 carbon atoms. 

2. A composition according to Claim l f in which 
modified polymer is produced by the reaction of 
corresponding polymer with hydrogen peroxide 
persulphuric acid. 

3. A composition according to Claim 1, in which the 
modified polymer is produced by the reaction of the 
corresponding polymer with hypochlorite and acetic acid. 

4. A composition according, to claim 1, including an 
ethylene-vinyl alcohol copolymer with an ethylene content 
of from 10 to 40% by weight. 

5. A composition according to Claim l f in which the 

modified polymer is produced by the synthesis of 

ethylene-vinyl acetate with an ethylene content of from 10 

to 50% by weight in the presence of monomers of the 

0 
ii 

H 2 C=CH-C-R type in which R is a C 1 ~C 4 alkyl group, and 
subsequent basic hydrolysis. 

6. A composition according to Claim 1, wherein the 



the 
the 
and 
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modified polymer is- obtained by ozonolysis of polyvinyl 
alcohol or ethylene-vinyl alcohol copolymers having an 
ethylene content of from 10 to 40% wt . 



7. A composition according 
modified polymer amounts to 
polymer in the composition. 



to Claim 1, wherein the 
10-50% wt of the. synthetic 



8. Articles in the form of films made from a polymer 
composition according to anyone of Claims! to 7. 

9. Moulded articles made from a polymer composition 
according to anyone of Claims 1 to 7 . 

10. A method for the preparation of a polymer composition 
usable for the production of articles of biodegradable 
plastics material, comprising the step of: 

mixing starch and a synthetic polymer selected from 
the group consisting of ethylene-vinyl alcohol and 
polyvinyl' alcohol or mixtures thereof, wherein at least a 
portion of said polymers is modified by the substitution 
of from 0.1 €o 5 molar % of the. functional alcohol groups 
in the polymer chain by X groups in which X is an oxo 
group or an alkyl carbonyl group in which the alkyl group 
contains from 1 to 4 carbon atoms, wherein the weight 
ratio between the starch and total amount of synthetic 
polymer is of from 19:1 and. 1:19, with a quantity of a 
high-boiling; plasticizer of from 0.05 to 100% of the 
weight of the starch, possibly in the presence of a 
destructurincj agent selected from the group consisting of 
urea, alkaline-earth or alkali metal hydroxides, in an 
extruder which is .heated to a temperature and for a period 
of time sufficient to bring about the destructuring of the 
starch. 



WO 91/02024 



PCT/EP90/01253 



9 

11. A method according to Claim 10, wherein the modified 
polymer is and ethylene/viny 1 alcohol copolymer and said 
copolymer is mixed within the extruder heated to a tem- 
perature between . 120 and 170°C with a 
destructured-starch-based component which is prepared 
beforehand by mixing starch in an extruder with a quantity 
of a high-boiling plasticizer of from 0.05 to 10.0* of the 
weight of the starch, in the presence of a quantity of a 
destructuring agent selected from the group consisting of 
urea, alkaline or alkaline-earth hydroxides, and mixtures 
thereof effective for causing the destructuring of the 
starch at a temperature below the boiling of the 
plasticizer and between 120 and 170°C. 

12. A method according to Claim 10 or claim 11, in which 
the high-boiling plasticizer is selected from the group 
consisting of glycerine, polyethylene glycol, ethylene 
glycol, propylene glycol, sorbitol, and mixtures thereof. 

13. A method according to Claim 10, - in which the 
destructuring agent is added in a quantity of from 2 to 
20% of the weight of the starch component, in which the 
mixing operation is carried out with the addition of a 
quantity of water of from 0.05 to 100% of the weight of 
the starch component, and in which the water concentration 
is reduced to a value no greater than 6% of the weight of 
the whole composition. 

14. A method according to Claim 11, also including the 
addition of ammonia. 

15. A method according to Claims 10 or 11 , in which the 
modified polymer is produced by the reaction of the 
corresponding polymer with hydrogen peroxide and 
persulphuric acid. 
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16. A method according to Claims 10 or 11, in which the 

modified polymer is produced by the reaction of the 

corresponding polymer with hypocholor ite and acetic acid. 

.17. A method according to Claim 11, wherein the 
ethylene-vinyl. alcohol copolymer has an ethylene content 
of from 10 to 40% by weight. 

18. A' method according to Claim 11, in which the modified 
polymer is produced by the synthesis of ethylene-vinyl 
acetate with/- an ethylene content of from 10 to 50% by 
weight in the presence of monomers of the 
0 

H 2 C=CH-C-R type in which R is a C^-C^ alkyl group, and 
subsequent bpLsic hydrolysis. 
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